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RESEARCH ARTICLE  
 
Abstract 
Halva is a confectionery product based on nougat and different oilseeds paste called tahini.  The oil separation 
during storage has been considered a normal and natural phenomenon, but current trends consider this process 
a defect that gives a depreciated commercial appearance. Thus, the aim of this work was to assess the influence 
of edible waxes addition on the stability, textural changes, and sensorial acceptance of sunflower halva. Firstly, 
tahini samples containing several waxes (sunflower, carnauba, rice bran and beeswax) in different 
concentrations (1%, 2%, 3%) were prepared and their textural parameters and colloidal stability (CS) during 
storage was determined. The samples (excepting the 1% containing beeswax) demonstrated higher CS (p<0.05) 
as compared to the reference  prepared without wax. The main effects: wax type and storage time, accounted 
51.64%, and 18.58%, respectively of the tahini CS variability. When it comes for the halva, the CS of all samples 
containing different waxes (excepting the sample with 1% beeswax) showed statistically significant (p<0.05) 
higher values in comparison to the reference which registered the lowest CS (94.06%). 
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INTRODUCTION 
Tahini is a basic ingredient of the halva products, along with the nougat, and is 
obtained by grounding sunflower kernels, until a viscous paste is formed, in which 
particles of different granularities are dispersed in the oil phase (Mureșan et al., 
2014a). Traditionally, tahini is made from sesame seeds, but in Eastern European 
countries sesame is replaced with sunflower seed kernels due to their accessibility 
in this geographical region and economic reasons (Mureșan et al., 2013). Another 
advantage of using sunflower kernels is that they do not contain allergens, so their 
use is a viable alternative in confectionery. Sunflower tahini can be used as an 
alternative to obtain various pastes from expensive oleaginous kernels (e.g., 
pistachio, hazelnut, almond, etc.), which in turn are used in the production of 
different products (Mureșan et al., 2015b). Recently, tahini has been 
commercialized as individual product, thus its quality and colloidal stability should 
be manipulated in order to maintain its properties as desired by consumers and is 
it can be used as a condiment, dressing, spread, sauce and mixture with different 
fruits syrups (Mureșan et al., 2015b). The nougat, represent a sweet and white 
paste, obtained from a sugar and glucose syrup beat with soapwort (Saponaria 
officinalis) extract. This gives the fibrous and layered texture of the finished 
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product, by solidifying in the mass of tahini (Orucevic et al., 2015).Tahini halva has a desired texture that is 
characterized by its solid, homogeneous, and thin fibrous structure. This structure is formed by the physical 
interaction between tahini particles and sugar fibers (Öğütcü et al., 2017). Food products are multicomponent 
heterogeneous systems, which during storage undergo a series of chemical, physical and biological reactions, in 
series or simultaneously (Mureșan et al., 2015a).  
 Lipids play a significant role in improving functionality, texture and palatability characteristics (Bascuas et al., 
2021) but can also negatively influence food, through the processes of rancidity and migration/separation of oil 
(Öğütcü et al., 2017). Regarding to halva, the oil separation at the top or bottom of containers or packaging is 
currently considered as a process, a defect that gives a depreciated commercial appearance and further accelerates 
the oxidation reactions of lipids, causing in final rancidity and improper texture. The addition of different 
ingredients is explored in order to diminish these inconveniencies because considering the new consumers trends 
aiming high quality and elaborated products, this issue becomes detrimental causing low product marketability and 
lack in demand of consumers (Mureșan et al., 2015a). The utilization of less than 3% palm oil in the halva 
composition for instance, showed an improved texture (Mureșan et al., 2014b). Emulsifiers such as the 1:1 mixture 
of sorbitan tristearate (STS) and sorbitan monopalmitate (SMP) demonstrated efficiency in preventing oil 
separation in Turkish halva during storage (Guneser and Zorba, 2014).  Recently, edible waxes such as beeswax, 
shellac, and sunflower wax were introduced in the formulation of a sesame halva tahini  at 3 and 5% in order to  
improve stability and to reduce oil separation problem by using organogelation techniques on the sesame oil 
(Öğütcü et al., 2018). 
 Oleogelation is defined as a modern structuring technique that involves transforming liquid oil into a solid 
viscoelastic material at room temperature by using gelling agents (Ashok et al., 2018). Efficient structuring is 
achieved by supramolecular assemblies (structural blocks) of gelling molecules, which are organized in a three-
dimensional network, blocking a large amount of liquid oil in a gel-like structure (Mureșan, 2019). (   It also 
demonstrated functionality in retarding oil migration in food products such as filled chocolates (Wendt et al., 2017), 
cookies (Li et al., 2021) , muffins (Giacomozzi et al., 2018) and halva (Öğütcü et al., 2018). Therefore, the 
organogelation technique is not only used for structuring oils but it is also valuable for restriction of oil mobility in 
oil-containing foods (Öğütcü et al., 2017). 
 The aim of this study is to evaluate the influence of both high-melting and low melting waxes on the stability of 
sunflower tahini and halva products during controlled storage but also to monitor the textural changes and 
sensorial acceptance of the developed products. 
 Waxes are lipid-based oleogelators, highly exploited in the attempt of structuring liquid oils, because they are 
food-grade substances that demonstrated structuring capacity even at a low concentration (Blake  et al., 2014). Most 
of the waxes are by-products of agricultural processes being available and economically feasible (Blake et al., 2018). 
Their chemical composition is complex, containing long chain esters derived from fatty acids and monohydric 
alcohols and various minor components such as n-alkanes, esters of pentacyclic triterpenoids and sterols esters 
(Doan et al., 2017). Wax esters are generally considered to be responsible for the oleogelation capacity of natural 
waxes and each type of wax has a morphological characteristic and a certain size range of crystals (Mureșan, 2019). 
Rice bran wax and sunflower wax  are formed by long-chain aliphatic esters (C36–C58), but differ in C24  free fatty 
acid content, while  beeswax is formed by  short chain fatty acids (C16–C18) (Tavernier et al., 2017). Carnauba wax 
comprises a mixture of high-molecular-weight esters of an acid and hydroxyacids (Yi et al., 2017). These chemical 
differences will result in different crystallization behavior, and therefore also in different functional properties 
(Tavernier et al., 2017). 
 
MATERIALS AND METHODS 
 Materials 
 In order to assess the influence of edible waxes addition, sunflower tahini samples containing different waxes 
concentrations (1%, 2%, and 3%) were prepared. A control sample was prepared using a standard recipe (no edible 
wax added). The organogelators used were beeswax (BW) yellow pellets and carnauba wax (CW) from Kahlwax, as 
well as rice bran wax (RBW), and sunflower wax (SFW) from Koster Keunen. The waxes are natural according to 
the description provided by the producers and were stored in refrigerated conditions until use. 
 Preparation of the halva 
 For preparing the halva prototypes, 60% sunflower tahini containing waxes and 40% nougat, were used. The 
tahini containing 1%, 2% or 3% of the following waxes: beeswax, sunflower wax, carnauba wax or rice bran wax 
was preheated to 40-45 °C prior utilization. The nougat heated to 100 °C was poured over the tahini in a vessel and 
manual mixing with vertical movements for 7-12 minutes until a homogenous, fine, fibrous, layered texture is 
obtained.  
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 Textural properties of sunflower tahini containing wax samples 
 The different wax containing sunflower tahini samples were placed in recipients (100 g) and undergo the 
compression textural measurement in duplicate with a TA4/100 Cylinder (25.4 mmD, 43 mmL) probe of Brookfield 
CT3 textural analyzer (Brookfield Engineering Labs, Middleboro, MA, USA) at room temperature (22±1 °C). Test 
speed was set at 1.0 mm/s and the trigger load was 5 g. Hardness [g], total work cycle [g], adhesive force [g], and 
adhesiveness [mJ] were computed by Texture Pro CT V1.6 software (Brookfield Engineering Labs, Middleboro, MA, 
USA). 
 Storage test and colloidal stability assessment of sunflower tahini samples 
 Sunflower tahini samples were stored in the oven for 2 months at 40 °C in different self-standing glass tubes. 
The colloidal stability of the samples was assessed according to the method described by Mureșan (2012) in two 
repetitions. After one and two months of storage, the height of the oil which exuded and migrated from the samples 
was measured and applied in the following colloidal stability (CS) equation: 
 
𝑪𝑺 [%] = (
𝑯𝒕   −  𝑯𝟎
𝑯𝒕
) ∙ 𝟏𝟎𝟎; 
 Where Ht- is the initial height of the tahini [µm]. 
 Ho- is the height of the oil which exuded and migrated from the sample [µm]. 
 
 Storage test and colloidal stability assessment of the halva samples 
 The wax containing halva samples were directly moulded in perforated plastic cups and placed in the oven at 40 
°C during two weeks. The exuded oil was gravimetrically quantified and after leakage collected in another plastic 
cup placed below. The colloidal stability of halva samples (S Halva) was performed in duplicate and was assessed 
using the following formula: 
𝑆 𝐻𝑎𝑙𝑣𝑎 [%] = (
𝑀𝑖𝑛 − 𝑄𝑜𝑖𝑙
𝑀𝑖𝑛
) ∙ 100; 
 Qoil- quantity of separated oil [g]. 
 Min- initial mass of the halva [g]. 
 
 Sensory analysis 
 The hedonic test was used. This is an effective method that allows the evaluation of the acceptability of the 
product on the hedonic scale, in 9 points where the scores are ranging from 1 as extremely unpleasant to 9 as 
extremely pleasant. The samples are prepared so that they are physically identical, and they are assigned a unique 
3-digit code. The samples were formulated with 2% wax. 
 The samples were evaluated by 32 semi trained evaluators, both female and males, aged 20-25 years students, 
taking a sensory analysis course at the Faculty of Food Science and Technology, University of Agricultural Sciences 
and Veterinary Medicine Cluj-Napoca. Before the sensory analysis they were trained in regard with the procedures 
of the tests. The samples were coded as following: Sample 1 (halva) - 129, Sample 2 (halva with beeswax 2%) - 246, 
Sample 3 (halva with rice bran wax 2%) - 358, Sample 4 (halva with carnauba wax 2%) - 472, Sample 5 (halva with 
sunflower wax 2%) – 537. 
 
 Statistical methods 
 In order to show the effect of wax type and concentration, as well as storage time on the colloidal stability of 
sunflower halva and tahini, three-way ANOVA General Linear Model, as well as one-way ANOVA and Tukey’s 
comparison statistical tests were used. 
 
RESULTS AND DISCUSSIONS    
 Tahini characterization 
 Characterization of textural properties 
 Different statistical (p<0.05) values of hardness [g] were registered in the textural analysis of the tahini samples 
containing different types and concentrations of edible waxes, but also in comparison to the reference sample. The 
results are summarized in Table 1. Hardness represents the maximum force required to compress the samples 
between the molars, translated in the textural analysis as the maximum load value of the compression cycle. It is 
calculated as the peak load obtained when compressing a product. The reference displayed the lowest hardness 
value (102 g) among the analyzed samples; thus it had the weakest internal structure. In addition, it was observed 
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that regardless of the type of wax, as concentration increased, the hardness of the tahini containing the wax 
increased, and this is mainly due to oleogelation - wax crystals form a continuous structure in which unsaturated 
lipids are captive, increasing the strength of the internal structure of the product. However, when designing a novel 
product with improved colloidal stability, it is preferred to choose the wax which will not modify too much the 
original texture of the product, but will solve the quality defects that occur during storage. 
 
Table 1. Textural properties of sunflower tahini samples containing different waxes 
Sample/Characteristics Hardness cycle 
[g] 
Total work cycle 
[g] 
Adhesive load [g] Adhesiveness [mJ] 
Control 102 ± 5.7G 3.7 ± 0.1G 22 ± 3.5G 4.8 ± 0.1F 
BW1% 207 ± 7.1F 7.5 ± 0.2F 66 ± 5.7F 12.5 ± 0.6E 
BW3% 240 ± 4.2F 9.4 ± 0.3EF 75 ± 4.2EF 14.7 ± 0.4DE 
CW1% 296 ± 8.5E 11.8 ± 0.3E 99 ± 7.8E 16.5 ± 0.7D 
CW3% 472 ± 9.9D 21.8 ± 0.8C 168 ± 4.9D 27.7 ± 0.8C 
RBW1% 553 ± 11.3C 21.7 ± 1.1C 207 ± 8.5C 32.8 ± 0.9B 
RBW3% 663 ± 9.9B 25.4 ± 0.7B 244 ± 9.2B 37.5 ± 0.8A 
SFW1% 461 ± 8.5D 18.2 ± 0.8D 173 ± 7.1D 29.2 ±0.6C 
SFW3% 872 ± 9.9A 32.3 ± 1.1A 316 ± 7.8A 28.6 ± 0.7C 
Note: Values are expressed as mean ± standard deviation. Control- the reference, tahini without wax; BW1%- tahini containing 1% beeswax; 
BW3%- tahini containing 3% beeswax; CW1%- tahini containing 1% carnauba wax; CW3%- tahini containing 3% carnauba wax; RBW1%- tahini 
containing 1% rice bran wax; RBW3%- tahini containing 3% rice bran wax; SFW1%- tahini containing 1% sunflower wax; SFW3%- tahini 
containing 3% sunflower wax. For each characteristics, identically capital letters indicate no significant differences (p>0.05) between samples. 
 
 The adhesive load [g], namely the force required to overcome the attractive forces load between the surface of 
the product and the surfaces of other materials, was also analyzed for the tahini samples. Results are presented in 
Table 1. The reference registered the lowest adhesive load (22 g). The beeswax gelled tahini registered slight 
differences between the samples. The samples followed the same trend as registered for the hardness, the tahini 
containing 3% of sunflower wax denoting the highest adhesive load. Carnauba wax has a high crystallinity, being 
very strong and fragile, and the tahini containing 1% reaching the value of 99 g and the tahini containing 3% 
registered 168 g. For the samples of tahini containing carnauba wax and sunflower wax, the adhesive load is directly 
proportional with the wax concentration. 
 The adhesiveness represents the work required to pull samples away from a surface. The adhesiveness [mJ] of 
the tahini in which food wax was added, increased for 3% rice bran wax tahini sample, reaching the value of 37.5 
mJ, as compared to other types of wax which showed lower values or the control sample with an adhesiveness of 
only 4.8 mJ (Table 1). As an example, the texture curves recorded on sunflower tahini samples obtained with 
RBW1%, RBW3% and control are presented in Figure 1. One can notice the larger areas under the curves for both 
positive (total work cycle) and negative (adhesiveness) areas, indicating a stronger internal structure of the RBW 
tahini samples, as compared to control; in addition, it seems that the wax based oleogelation mechanism improved 
the colloidal stability of these samples, as will be discussed in the next sub-section. 
 
 
Figure 1. Comparison of sunflower tahini textural curves for RBW 1% (orange), RBW3% (pink) 
and control sample (purple) 
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 Colloidal stability of the sunflower tahini during accelerated storage 
 The colloidal stability of the sunflower tahini samples containing wax and the reference, was monitored during 
the storage test, by quantification of the separated oil on the top of the samples. Results are presented in Table 2. 
The reference registered the highest oil syneresis after one month of storage and a colloidal stability of 97.45%. The 
stability decreased to 95.35% after 2 months of storage at 40 °C (simulation of long-term storage).  
Table 2. Colloidal stability [%] of sunflower tahini stored at 40 oC 
Samples Storage time 
T1 T2 
Control 97.45 ± 0.40Da 95.35 ± 1.32Ea 
BW1% 98.45 ± 0.02Ca 95.01 ± 0.21Eb 
BW2% 98.44 ± 0.01Ca 97.11 ± 0.03Db 
BW3% 98.65 ± 0.03BCa 97.21 ± 0.00CDb 
CW1% 98.94 ± 0.00Ba 98.76 ± 0.04ABb 
CW2% 99.70 ± 0.02Aa 98.94 ± 0.00ABb 
CW3% 99.82 ± 0.01Aa 99.70 ± 0.01ABb 
RBW1% 99.82 ± 0.01ABa 99.70 ± 0.02Ab 
RBW2% 99.83 ± 0.00Ab 99.93 ± 0.00Aa 
RBW3% 99.93 ± 0.00Ab 99.97 ± 0.00Aa 
SFW1% 99.98 ± 0.00Aa 98.37 ± 0.05BCDb 
SFW2% 99.98 ± 0.01Aa 98.69 ± 0.02ABCb 
SFW3% 99.98 ± 0.01Aa 97.13 ± 0.00Db 
Note: Values are expressed as mean ± standard deviation. Control- the reference, tahini without wax; BW1%- tahini containing 1% beeswax; 
BW2%- tahini containing 2% beeswax; BW3%- tahini containing 3% beeswax; CW1%- tahini containing 1% carnauba wax; CW2%- tahini 
containing 2% carnauba wax; CW3%- tahini containing 3% carnauba wax; RBW1%- tahini containing 1% rice bran wax; RBW2%- tahini 
containing 2% rice bran wax; RBW3%- tahini containing 3% rice bran wax; SFW1%- tahini containing  1% sunflower wax; SFW2%- tahini 
containing  2% sunflower wax; SFW3%- tahini containing 3% sunflower wax; T1- one month; T2- two months; For each storage time (column), 
identically first capital letters indicate no significant differences (p>0.05) between samples; For each sample (row), identically lowercase letters 
indicate no significant differences (p>0.05) between storage times. 
 
 After one month of storage, the exudation of the oil on the surface of the tahini containing 1% beeswax was 
1.55%, while after 2 months of storage the value increased to 4.99%. The colloidal stability of this sample after 1 
month (98.45%) was better in comparison to the reference (97.45%); upon long term storage, the addition of 1% 
beeswax to sunflower tahini showed no statistical differences (p>0.05) in terms of colloidal stability (95.01%) as 
compared to reference (95.35%). However, the tahini containing 2% and 3% bees wax registered a smaller decrease 
in the colloidal stability between the two measurement moments. Therefore, a concentration of beeswax higher 
than 2% in the formulation of the sunflower tahini improves stability during controlled storage (Table 2). 
The tahini containing 3% rice bran wax resulted in a stability of 99.93% after 1 month of storage, similar values also 
being registered after 2 months of storage at 40 °C (99.97%). Stability values over 99.97% were also obtained when 
lower concentrations were used in the formulation of the tahini (1% and 2% respectively). This wax, leaded to an 
increase of the colloidal stability in comparison to the reference even when it was added in a concentration of 1%.  
Tahini samples formulated with 3% carnauba wax display good colloidal stability: 99.82%, after a storage period of 
1 month and 99.70% after 2 months of storage.  Carnauba wax has a melting profile similar to that of rice bran wax. 
 The stability value registered for the sample containing 1% carnauba wax is slightly lower than for the sample 
containing 1% rice bran wax, but for 2% and 3% the registered values were similar between the two waxes. 
The colloidal stability performance of the samples formulated with sunflower wax in different concentrations (1%, 
2% and 3%) was by far the highest between all the samples (99.98% after one month of storage, while after 2 
months of storage, the values are between 97-98%). However, for the sample containing 3% sunflower wax, the 
colloidal stability registered a significant decrease, in comparison to the samples with 2% or 1%. This might also be 
possible due to the short chain free fatty acids present in the chemical composition of this wax which do not lead to 
a very branched microstructure upon crystallization and there for decreased oil retention. 
Beeswax has a low melting point compared to the other waxes involved in the study (62-64 °C, while rice bran wax 
has a melting point of 77-86 °C, carnauba wax a melting point between 82-86 °C and sunflower wax between 75-78 
°C) and most probably, for this reason the tahini sample formulated with beeswax do not have a very high stability 
in comparison to the other tahini oleogelled samples. 
 Çiftçi et al., (2008) studied the colloidal stability for sesame paste stored at 20, 30 and 40 °C. As the storage 
temperature increased, the colloidal stability of the samples decreased, an effect probably due to the low viscosity 
of the oil at high temperatures. Although, the particle size of the sesame paste had a significant effect on colloidal 
stability, temperature had a more pronounced effect. There was a linear relationship between particle size and 
colloidal stability at 20 °C, but with increasing temperature this trend was changed.  
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 According to Stoke's law, all particles have the same density and spherical shape. The measurement of colloidal 
stability was correlated with the Stoke's law calculations, but the calculated sediment velocities (Stoke's law) 
proved to be higher than the measured ones (colloidal stability). The structural properties of sesame paste such as 
density, surface area and particle shape differences lead to this difference (Çiftçi et al., 2008). 
The relative effect sizes (eta squared) on the colloidal stability of sunflower tahini for the studied factors (wax type, 
concentration, storage time) and their first and second order interactions are presented in Figure 2. This pie chart 
is used to graphically display proportion of total variance that is attributable to each effect. The entire circle 
represents the total sum of squares. Each slice of the pie is an effect interaction or the SS (Sum of Squares, the 
variation attributable to the factor) for error. The percent of the pie represented by each slice is the effect size, η2. 
 The main effects, wax type and storage time accounted 51.64% and 18.58%, respectively of the variability in 
colloidal stability, evidencing thus the importance of Wax type > Storage time on sunflower tahini stability. The wax 
concentration seems to be less important for the colloidal stability of tahini samples (2.79%). Among interactions 
Wax type * Storage time, Wax type * Concentration, and Wax type * Concentration * Storage time had the highest 
importance accounting 14.68%, 6.15% and 5.51%, respectively of the variability in sunflower tahini colloidal 
stability levels, while the Concentration * Storage time interaction gathered only 0.57% of variability. The sum of 
squares for error represents 0.08%. 
 
 
Figure 2. Relative eta squared effect sizes (eta squared) on the colloidal stability of sunflower 
tahini for the studied factors and their interactions 
 
 Preliminary study on the stability and sensory of wax gelled sunflower halva  
 Colloidal stability of the sunflower halva during accelerated storage 
 The colloidal stability of the sunflower halva containing waxes and the reference, was monitored during an 
accelerated storage test, by quantification of the separated oil. The levels of oil separated from different wax 
concentrations sunflower halva samples, during storage at 40 °C are presented on Figure 3. 
The sample formulated with 1% beeswax has a stability of 94.63% in contrast to the sample with 3% beeswax which 
has the highest stability of all samples (95.14%). Considering the melting point for carnauba wax (82-86 °C), rice 
bran wax (77-86 °C) and sunflower wax (75-78 °C) in opposition to beeswax which has a lower melting point (62-
64 °C), the stability of the samples at two weeks storage increases slightly and is similar in the case of samples 
formulated with 1% and 3% wax, respectively: CW1%: 94.78% and CW3%: 94.95%; RBW1%: 95.03% and RBW3%: 
94.85%; SFW1%: 95.13% and SFW3%: 94.90%.  
 Along with the halva sample containing 3% beeswax, the sample formulated with 1% sunflower wax shows the 
highest colloidal stability (95.13%). The control sample (halva without any added waxes) showed the lowest 
colloidal stability (94.06%). Overall, the colloidal stability of all halva samples containing waxes (excepting the 1% 
beeswax) after two weeks accelerated storage at 40 °C showed statistically significant (p<0.05) higher values, in 
comparison to the reference (Figure 3). 
 The influence on the colloidal stability of the different proportions of the palm oil addition in the sunflower halva 
was evaluated by Mureșan et al., (2014b). The samples were stored for 40 days at two different temperatures (1-2 











Storage time Wax type*concentration
Wax type*storage time Concentration*storage time
Wax type*concentration*storage time Error
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being below 0.6%), due to the relatively high viscosity of the continuous oil phase which causes a slow exudation of 
the oil from the products. In the case of high storage temperature, samples with 1%, 4% and 5% palm oil showed a 
decrease in colloidal stability, while samples with 2 and 3% improved stability. 
 
 Sensory analysis of the halva samples 
 Carnauba wax has been evaluated by the Scientific Committee on Food (SCF, 1992; 1997; 2001; 2002) and by 
the Joint FAO/WHO Expert Committee on Food Additives (JECFA, 1993). JECFA allocated an Acceptable Daily Intake 
(ADI) of 0-7 mg/kg bw/day. Although the samples with 3% added wax show the best stability of the tahini, in the 
study of the sensory analysis, 2% waxes were used to comply with the legislation in force on the consumption of 
edible waxes. 
 The results of the hedonic test were obtained for each sample. Sample 246, prepared with beeswax obtained the 
lowest hedonic score (4.46) while sample 472, formulated with carnauba wax obtained the highest score (7.25) 
while it seems more homogeneous and thermally stable. Samples 129 (reference), 358 (RBW halva) and 537 (SFW 
halva) registered approximately the same score for the general assessment by the evaluators (6.09, 5.88, and 6). 
Thus, the sample with 2% carnauba wax was preferred by the group of evaluators being a homogeneous sample 




Figure 3. Colloidal stability of sunflower halva stored at 40 °C, two weeks. Control- the reference, 
halva without wax; BW1%- halva containing 1% beeswax; BW3%- halva containing 3% beeswax; 
CW1%- halva containing 1% carnauba wax; CW3%- halva containing 3% carnauba wax; RBW1%- 
halva containing 1% rice bran wax; RBW3%- halva containing 3% rice bran wax; SFW1%- halva 
containing 1% sunflower wax; SFW3%- halva containing 3% sunflower wax. Identically capital 
letters indicate no significant differences (p > 0.05). 
 
CONCLUSIONS 
Sunflower tahini and halva samples were prepared with addition of different waxes (sunflower, carnauba, rice bran 
and beeswax). The tahini sample containing 1% carnauba wax leads to improved colloidal stability and do not 
increase the hardness much above the reference. The addition of 1% bees wax to sunflower tahini showed no 
statistical differences for colloidal stability as compared to reference, most probably due to its low melting point; 
per contra, beeswax concentrations higher than 2% in the formulation of the sunflower tahini improves stability 
during controlled storage. Overall, colloidal stability of wax gelled halva samples (excepting the 1% beeswax) 
showed statistically significant higher values in comparison to the reference.  
 
Author Contributions: V.M. Conceived and designed the analysis; A.T., A.P., A.M., G.M., R.V. Collected the data; A.T., 
A.P., V.M. Contributed data or analysis tools; A.T., A.P., A.M., G.M., R.V. Performed the analysis; A.T., A.P. Wrote the 
paper; V.M. Revised the paper. 
Bulletin of University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca. Food Science and Technology        91 
 
Funding Source:  This work was supported by a grant of Ministry of Research, Innovation and Digitization, 
CNCS/CCCDI – UEFISCDI, project number PN-III-P1-1.1-TE-2019-2212 within PNCDI III. 
 
Conflicts of Interest 
The authors declare that they do not have any conflict of interest. 
 
REFERENCES 
1.  Ashok RP. Edible Oil Structuring: Concepts, Methods and Applications. Royal Society of Chemistry. 2018. 
2. Bascuas S, Morell P, Hernando I, Quiles A. Recent trends in oil structuring using hydrocolloids. Food 
Hydrocolloids. 2021; 118. 
3. Blake AI, Edmund D, Marangoni AG. Structure and physical properties of plant wax crystal networks and their 
relationship to oil binding capacity. Journal of the American Oil Chemists' Society. 2014; 91(6): 885-903. 
4. Blake AI, Toro-Vazquez JF, Hwang HS.  Wax Oleogels. Edible Oleogels: Structure and Health Implications. 2018; 
133–171. 
5. Çiftçi D, Kahyaoglu T, Kapucu S, Kaya S. Colloidal stability and rheological properties of sesame paste. Journal 
of Food Engineering. 2008; 87(3), 428–435. 
6. Doan CD, Chack Ming To C, De Vrieze M, Lynen F, Danthine S, Brown A, Dewettinck K, Patel AR. Chemical 
profiling of the major components in natural waxes to elucidate their role in liquid oil structuring. Food 
chemistry. 2017; 214: 717-725. 
7. Giacomozzi AS, Carrín ME, Palla CA. Muffins elaborated with optimized monoglycerides oleogels: From solid fat 
replacer obtention to product quality evaluation. Journal of Food Science and Engineering. 2018; 83(6): 1505-
1515. 
8. Guneser O, Zorba M. Effect of emulsifiers on oil separation problem and quality characteristics of Tahin Helva 
during storage. Journal of Food Science and Technology. 2014; 51(6): 1085-1093. 
9. Li S, Wu G, Li X, Jin Q, Wang X, Zhang H. Roles of gelator type and gelation technology on texture and sensory 
properties of cookies prepared with oleogels. Food Chemistry. 2021; 356. 
10. Mureșan V. Oleogelifierea  – Tehnologii disponibile și aplicabilitate în produse alimentare, ISBN: 978-606-020-
098-7. Cluj Napoca: Mega, 2019. 
11. Mureșan V.  Researches regarding colloidal and oxidative stability of confectionery products (halva) obtained 
from sunflower. Cluj Napoca, Romania: University of Agricultural Sciences and Veterinary Medicine, PhD 
Thesis. 2012. 
12. Mureşan V, Blecker C, Danthine S, Racolţa E, Muste S. Confectionery products (halva type) obtained from 
sunflower: production technology and quality alterations. A review. Biotechnology, Agronomy, Society and 
Environment. 2013; 17(4): 651-659. 
13. Mureșan V, Cuibus L, Olari A, Racolța E, Socaciu C, Danthine S, Muste S, Blecker C.  Improving sunflower halva 
stability and texture by controlling tahini particle size distribution. Bulletin of University of Agricultural 
Sciences and Veterinary Medicine Cluj-Napoca Food Science and Technology. 2015a; 72(1):11-19. 
14. Mureşan V, Danthine S, Bolboacă SD, Racolţa E, Muste S, Socaciu C, Blecker C. Roasted sunflower kernel paste 
(tahini) stability: storage conditions and particle size influence. Journal of the American Oil Chemists’ Society. 
2015b;  92(5): 669–683. 
15. Mureșan V, Danthine S, Racolța E, Muste S, Blecker C. The Influence of Particle Size Distribution on Sunflower 
Tahini Rheology and Structure. Journal of Food Process Engineering. 2014a; 37(4): 411-426. 
16. Mureșan V, Danthine S, Racolța E, Muste S, Blecker C, Borșa A,  Mureșan AE. The influence of palm oil addition 
on sunflower halva stability and texture. Bulletin of University of Agricultural Sciences and Veterinary Medicine 
Cluj-Napoca. Food Science and Technology. 2014b; 71(1): 51-56. 
17. Öğütcü M, Arifoğlu N, Yilmaz E. Restriction of oil migration in tahini halva via organogelation. European Journal 
of Lipid Science and Technology. 2017; 119(9):1600189. 
18. Öğütcü M, Arifoğlu N, Temizkan R, Yilmaz E.  Preventing oil leakage with natural wax additions during the 
storage of tahini halva. Rivista Italiana Delle Sostanze Grasse. 2018; 95(2): 95-104. 
19. Orucevic S, Naira M, Spaho N, Tahmaz J, Akagic A, Džafić A.  Effects of production and ingredients on tahini 
halvah quality. Journal of Food Science and Engineering. 2015. 
92| VOLUME 78 ISSUE 2 | NOVEMBER 
 
20. Tavernier I, Doan CD, Van de Walle D, Danthine S, Rimaux T,  Dewettinck K.  Sequential crystallization of high 
and low melting waxes to improve oil structuring in wax-based oleogels. RSC Advances. 2017; 7(20): 12113-
12125. 
21. Wendt A, Abraham K, Wernecke C, Pfeiffer J, Flöter E.  Application of β-Sitosterol + γ-Oryzanol-Structured 
Organogel as Migration Barrier in Filled Chocolate Products. Journal of the American Oil Chemists' Society. 
2017; 94(9): 1131-1140. 
22. Yi B, Kim MJ, Lee SY, Lee J. Physicochemical properties and oxidative stability of oleogels made of carnauba wax 
with canola oil or beeswax with grapeseed oil. Food Science and Biotechnology. 2017; 26(1): 79-87. 
